Brains were removed from the head casing and fixed in 4% paraformaldehyde in phosphate buffer solution (PBS) (1.86 mM NaHPO, 8 .41 mM NaHPO, and 175 mM NaCl) for 1 hour and washed in PBS. Following a 2-hour pre-incubation in 3% normal goat serum in PBS-TX (PBS containing 0.3% Triton X-100), brains were washed in PBS-TX. Brains were incubated in the following primary antibody concentrations in PBS-TX: 1:1000 Rabbit anti-GFP (Invitrogen) . Confocal stacks were acquired with a 1µm slice thickness using a laser scanning confocal microscope and processed. Synaptic terminal number was quantified using an automated threshold algorithm.
Quantitative PCR
Total RNA was isolated from fly heads by using TRIzol following the manufacturer's protocol. Reverse-transcription (RT) reactions were carried out in parallel on Dnase I-digested total RNA as described (29) . RT products were stored at -80˚C until use. PCRs to measure levels of artificial transcript were performed to confirm uniformity of RT within sample groups and between samples. All reverses were performed in triplicate. At least two quantitative PCR replications were performed for each condition. Values were expressed as a percentage of socially isolated animals and were evaluated by using a Student's T-Test.
Behavioral Analysis
Drosophila sleep and activity patterns were assessed as described previously (29) . In summary, flies were placed into individual 65 mm tubes and all activity was continuously measured. Locomotor activity was measured in 1-minute bins and sleep was defined as periods of quiescence lasting at least 5 minutes. Sleep in mins/hour data is plotted as a function of zeitgeber time (ZT). That is, ZT0
represents the beginning of the fly's subjective day (lights-on) and ZT12 represents the transition to the subjective night (lights-off).
Sleep Deprivation -4-7 day old females were placed into individual 65 mm tubes and the sleep-nullifying apparatus (SNAP) was used to sleep deprive these flies for 12 hours during the dark phase (lights out to lights on) as previously described (30) . Sleep rebound was calculated for each individual as a ratio of the minutes of sleep gained above baseline during recovery divided by the total minutes of sleep lost during sleep deprivation (min gained/min lost).
Arousal Thresholds -4-7 day old females were placed into individual 65 mm tubes. Arousal was tested during the night by exposing flies to either a 1-min or 5-min long light pulse at ZT18. To test arousability during the day when lights were on, flies were exposed to a physical perturbation using the SNAP. The SNAP was activated for 1, 2, 3 or 5 cycles and the number of flies that were awakened was tabulated.
Social Enrichment -1-2 day old males were housed either in social isolation (singly in 65mm tubes) or in an intensive socially enriched environment (with 90 siblings) for five days. Following 5 days, all flies were individually transferred to fresh glass tubes for Courtship Conditioning LTM experiments.
Courtship Conditioning -Training for 4-8 day old males was based on previously described methods (31) . The males were exposed to pheromonally-feminized Tai2 males in either a spaced training protocol consisting of three one-hour training sessions, each separated by one hour, or a massed training protocol consisting of one three-hour training session. Long-term memory was tested forty-eight hours after the beginning of training, when trained and naive males were exposed to Tai2 males for a 10-minute testing period. The Courtship Index is defined as the percent of time that each subject male spends participating in courtship behavior during the 10-minute testing period.
Statistics
All comparison were done using a Student's t-test or, if appropriate, ANOVA and subsequent modified Bonferroni comparisons unless otherwise stated. All statistically different groups are defined as p < 0.05. (C) Total sleep time is increased when UAS-NaChBac is expressed using C5, 104y and C205. No increase in sleep is detected when UAS-NaChBac is expressed in the ventral FB using NP6510 or NP6561, in the EB using C232 or 78y, in dopaminergic neurons using TH-GAL4, in GABAergic neurong using GAD-GAL4, in the Pars Intercerebralis using C767, or in the Mushroom Bodies using 17D, 201y, 247, or C309. (D) Sleep is strongly increased during transient activation when TrpA1 is expressed using GAL4 drivers that express in the dorsal FB (C5, 104y, C205), but not using a variety of drivers that express in other neural clusters throughout the brain. A brief 1-min light pulse administered at zeitgeber time 18 (ZT-18) increases activity levels in C5/+, UAS-NaChBac/+ and C5/+>UAS-NaChBac/+ flies compared to circadian-matched unstimulated controls. Activity levels are increased further in C5/+, UAS-NaChBac/+ and C5/+>UAS-NaChBac/+ flies when the duration of light exposure is increased to 5 min. ANOVA reveals a significant main effect for duration of light exposure (no light, 1 min, and 5 min) (F (2, 126) =66.219, p=1.69x10 -11 , *p<.05 by modified Bonferroni test, n=15/group). Previously quiescent 104y/+ flies show increased activity following both 1-min and 5-min of light exposure while activity levels are increased in 104y/+>UAS-NaChBac/+ flies after 5-min of light exposure. ANOVA reveals a significant main effect for duration of light exposure (F (2, 124) =61.928, p=1.71x10 -11 , *p<.05 by modified Bonferroni test, n=14-15/group). Sleep was evaluated in flies maintained on 2.5 mg/mL caffeine for 6 h between 8am-2pm. Caffeine maximally reduced sleep time in 104y/+>NaChBac/+ flies as well as in genetic controls, NaChBac/+ and 104y/+, compared to vehicle-treated siblings. An ANOVA reveals a significant main effect for Drug (Vehicle and caffeine) (F (2,181) =53.857, p=1.8x10 -11 , *p<.05 by modified Bonferroni test, n=32/group). These data indicate that exposure to wake-promoting compounds decreases quiescence during FB activation.
Fig. S6: Activation of the dFB does not prevent ontogenic changes in sleep.
Sleep is highest in flies on their first full day of life and then gradually declines to stable adult levels on day 3 as previously shown for Cs flies. An ANOVA reveals a significant main effect for day (F (2, 186) =68.806, p=9.9x10 -16 , *p<.05 by modified Bonferroni test). Both parental lines NaChBac/+ (n=31) and 104y/+ (n=17) show a significant reduction in total sleep time between day 1 and day 2 and between day 2 and day 3 while 104y/+>NaChBac/+ (n=31) show a significant reduction in total sleep between day 2 and day 3. test p=0.86, n=14-16 ). These data indicate that previous experience in a lowdensity social group can prevent the formation of LTM. It is important to note that while the effects of social enrichment on the formation of Courtship Conditioning memory has not been previously described per se, classic papers describing the development of the assay specifically used protocols in which flies were socially isolated during the time between eclosion and training for Courtship Conditioning (32) (33) (34) . Thus, social isolation may be an important precondition for male flies to reliably from LTM following courtship conditioning. (B) Cs flies that had been housed in social isolation in DD for 5 days retain robust memory consolidation as exhibited by a significant reduction in courtship 48 hours after spaced training and testing in the light (t-test p=0.022, n=8-12). These data indicate that exposure to DD does not alter the formation of LTM following courtship conditioning. (C) Cs males that had been housed in a socially enriched environment (n=45) in constant darkness for 5 days maintain intact memory formation as measured by a reduction in courtship 48-hours following spaced training and testing in the light (t-test p=0.0006, n=13-14). Flies were then transferred to tubes and 1 group was maintained at 25˚C while a second was shifted to 31˚C for 4 h to induce sleep. All flies were then maintained at 25 C and brains were dissected from both groups on the morning of day 6 for PDF immunohistochemistry. (B) PDF immunohistochemistry reveals that the number of PDF-positive punctae is significantly reduced in previously enriched flies in which sleep was induced during 4 h of exposure to 31˚C compared to siblings maintained at 25˚C. (n=9-10 each group, t-test p=0.015). (C) Although expressing UAS-dlgWT-gfp in the LNvs provides a robust reporter of terminal number, the use of the GAL4-UAS system for this labeling precludes simultaneous modulation of neuronal activation in other regions, such as the dorsal FB, using other GAL4 lines. To test whether similar labeling of terminals could be obtained using immunohistochemistry for PDF, we co-stained pdf-GAL4/+>UAS-dlgWT-gfp/+ brains for GFP and PDF and found that the punctae labeled by both reporters strongly overlap. (B) Given this overlap, we tested whether exposure to social enrichment would result in comparable increases in the number of both PDF-immunopositive and dlgWT-gfp-positive punctae in pdf-GAL4/+>UAS-dlgWT-gfp/+ flies. A significant increase can be detected in both dlgWT-gfp-positive punctae (left, n=11-12 each group, t-test p= 0.003) and PDFimmunopositive varicosities (right, n=11-12 each group, t-test p= 0.005). 
